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(57)Abstract: 

PURPOSE: To obtain the carbon powder as the material for negative electrode of a lithium 
secondary battery, which has a large discharging capacity, a high charging and discharging 
efficiency from the initial stage of the cycle and the excellent cycle characteristic. 
CONSTITUTION: As the carbon material for negative electrode of a lithium secondary battery, 
graphitized carbon powder, which is adjusted by heating the carbon powder made of pitch in the 
existence of boron compound, is used, and CTE <3.0xi0-6'*C-1, d002 <0.337nm, Lc>40nm, R> 
0.6. Existence ratio of the boron in the graphitized carbon material is set at 0.01-15 weight %. At 
the time of manufacturing the carbon negative electrode material, boron compound at 20 weight 
% by boron conversion is mixed with the carbon powder made of pitch, and heated at 2500 X for 
0.1 -10 hours under the inert atmosphere. As the boron compound, at least one of boron, boron 
carbide, boron oxide and boric acid is used. 
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[0106] ^iKi«Sffi*32 5 0 0"C*?i|t?*S * 
■?^{b^!^?&#WrSt:>5=-3-i;;^©M^^3i. SO* 

3<. Jao, 3tSScm•^^-f i';Ufi]S8©l5Pgt?©SSIJS[l*36s 

[ 0 1 0 7 ] S/c. j»i!Jiffl^K3E>J0. 1 8$ra*«-CK. 
lli8^bl54«S©MS»{'Pm€:«tgS-a-S©tc+^r?j:<, ^ 

sj^m©K^sia^©iyfi{b«j§. 
[0108] 1 0 mm&.r<m!imic j: o miss 

[0 109]$e,(C. 1 OB#Kfei±M«i^-rSCi{CJ: 
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[0 110] :^mmi)imm-r^ii-y^=>~-^:x.i^n<Dis, 
(cML/. mnmi'^^m-^mx^m-r^ctijrssmx^ 

[0111] Sfc. fi»g^n-i'X|&^K:!j<'jxg='U 
Jioj fcr--'i'r;i'3-;v^©^m^?:SS»nb/i:M. 

[0 112] 3e.{c, f5.?-3-i':^*»^{c;i<y7s-{b 
t^- y f >^©7 ^'igig^m^&Si/^ti^jUnK^^s^^ 
20 5=-jH2;u a -x«?©7j<^i4ite*SS'J?:>''« > ur . 

7lc. rju=j--ii/^©^gi«;&ffic^rg^-rsci{cj;>)>^ 
9'j-«:f^fiRL. *m#±{c^?&. i£«-rsci{ca;f) 

[0113] *^Hj©^:^{t, mmmmtmmm 
mhm^mtmM.vzf&?).^t>-^xm^^^ctffix^& 

Ar.i>Cm?&{Cffi;Sffll^.SC<!:©r:SSfe©t?4)tlW. 
30 [0114] iE®^®i Lr«> y g^>i» A# 

mmm^mmmi^ iu < d ,.,m (2) .o, (s* 

X«O^X^l©ffiH©3K^tr*0. ^tfM (1) . M 
(2) »S^^;&^L.C o. Ni. Mn. Cr, T 
i. V. Fe. Zn, Al, In, Sn©i!>!&<ife— 
^*>6itc5) ^IHSL i M ( 1 ) ,.,M (2) ,0 
, <^*Y»O^Y^ l©l5ffl©IS<iir*0. 
<1) . M (2) it3m^m^m.hC o , ni, Mn. 
Cr. Ti. V. Fe. Zn. Al, In, Sn©iJ>^c 
< ife-^*»6!ttS) . 3i^^Jl*Jl'3-y>'fb!K. 

40 •)-v>^j>,m.im {v^o,, v.o„. v,o^. v,o,. 

etc.) Ry^-eOL i<b^. -iKiCM.Mo.S,-, 
(S;ttiX«0^X^4, Yl*0 ^Yg 1 ©$5H©?Sfiir 

«3tiS'>*:/L';ufg{b^!i«j. ^iHtffi^i^. ^mmm 
[0115] mm§mnM'mmi<cis»^mmmhhx 

^«:$iJ|®3*xSfc©-c«^cl,>*J. m«. :?"Dtu 

i'xg^J^*-;^^;^- i— Riyfi. 2 
50 — s^^ h=^=^^x^f>, 2— s^'xm^vxir^. r— 
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1, 3— i>:^-^y'^>. T-=-v-;i/. t;^x^;ux-T' 

3— -:>^5f^>»t/~2— :!f^1fy K>. X 10 

[0116] mmm^ urt*. ^p^ofcco^fsj 

BF4. LiPFe. LiAsFe. LiB(C6H5)» 
LiCl, LiBr. LiCF3S03. LiCH^SO^ 

C 0 1 1 7 ] 20 

^1 



[0118] 

immm] 

[0119] 

3Mm) (fC^^s^mit-^^mKfCfjkofct^^mmnM 

[0 12 11 

[«i ] 



t>r *No. 






d(nnr!) 


Lc(nm) 


R{-> 


CTE{E-6rC) 


^»<7)Bji(wl%) 


1 


B 


2 


0.3358 


52 


0,762 


2.96 


0.36 


2 


B 


5 


0.3354 


68 


0.820 


2.77 


0-43 


3 


B 


10 


0.3351 


97 


0.815 


2.65 


2.19 


4 


B 


15 


0.3350 


>100 


0.804 


2.58 


3.92 


5 


B 


20 


0.3348 


>100 


0,756 


2.40 


9.66 


6 


B203 


5 


0.3361 


46 


0.715 


2.79 


0-26 


7 


B203 


10 


0.3357 


52 


0.754 


2.71 


0.30 


8 


B203 


20 


0.3348 


83 


0.788 


2.48 


2.50 


9 


B4C 


5 


0.3352 


>100 


0,796 


2.77 


0.60 


10 


B4C 


20 


0.3345 


>100 


0-813 


2.45 


10.65 


11 


H3B03 


5 


0.3359 


51 


0.705 


2.78 


0.30 


12 


H3B03 


20 


0.3347 


>ioa 


0.768 


2.46 


9-82 



CO 1 2 2] C<D<fc^(CUTiaiaLA:t'';r^ 3-^7X^9 

mc. >^^V>:S^-<^:Lt:^y7"^^r?;^:t^x^^>^9 

53ms(fcmmL xm^mMcimbx 1 om^) . 
[0123] ±idjsm^m(Dmm'c<Dmmm±^wmir 



io 12 4] mmmat. x^i.>;^-7K^-h<!:*j?x 
^jv:^-^^^^- hom^mm (^*mri : 121^) cc 
L i PF^^imo i/\<Dm^xf§mbfci>o:)^m\^> 

[0 12 5] tfc. ^mm^m^cmLxu. mULmmo 

[0 1 2 6 ] mfiSSH^iO V;^p6 1. 0V(y^^A^ 

mmm) tbtc. ^(Dmm^<oi^^^m:2(^m'^o 

50 [0127] 
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]^^@5<mAh/g} 




1 rsis 


1 n A fats 






1 


oUo 




87 


100 


2 


342 


320 


91 


100 


3 


337 




87 


QCk 


4 


308 


286 


84 


99 


5 


add 


263 


61 


99 


6 


336 


318 


88 


100 


7 


315 


292 


88 


99 


a 


335 


311 


87 


99 


9 


330 


308 


89 


99 


10 


278 


250 


79 


99 


11 


303 


286 


86 


100 


12 


331 


310 


89 


99 



[0128] ^mi^(Dtiin<D'} ^^J>. K":?-ccteu 
r. ®gK©:9-»?s:js;^sJSsB*J3itfLrtJaiMt) 
nso. 8Via^©fifi¥fflSiJ:9- h-) 

•3 , 3 1^- Jl-gJaKlBiaf 1 0 0 %t?SSK:JS^ Lfc. 
[0129] &m§S«>ig< . sftScmif 

[0 130] 

2 ] J|]5i6{?5 1 rffil^fc© tlHl C f y 3 - 5' 30 



:S-1 0'C©j£K-C#mL'« 250 0. 270 0. 290 

0 . 3 0 0 0 'c-c-mmms&imm^miyfc. 

[0 13 1] ^§e>t^fcl:^^. g^ra-i'Xlia^CDigS^Ji. 

[0 13 2] 
[^3] 
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MTT('C) 


d(nm) 


Lc{nm) 


R(-) 






13 


B 


8 


2500 


0.3358 


52 


0.693 


2.88 


1.88 


14 


B 


6 


2700 


0.3354 


68 


0.746 


2.77 


1.95 


15 


B 


8 


2900 


0.3352 


>100 


0.79B 


2.69 


2.03 


16 


B 


a 


3000 


0.3350 


>100 


0.B06 


2.61 


2.11 


17 


B203 


12 


2500 


0.3354 


44 


0.674 


2.92 


0.60 


18 


B203 


12 


2700 


0.3351 


46 


0.712 


2.81 


0.66 


19 


B203 


12 


2900 


0.3349 


53 


0.744 


2.70 


0.69 


20 


B203 


12 


3000 


0.3348 


83 


0.769 


2.68 


0.70 


21 


84C 


10 


2500 


0.3354 


>100 


0,701 


2.67 


2.66 


22 


84C 


10 


2700 


0.3350 


>100 


0.729 


2.75 


2.68 


23 


B4C 


10 


2900 


0.3345 


>100 


0.788 


2.69 


2.98 


24 


B4C 


10 


3000 


0.3345 


>100 


0.811 


2.66 


3.06 


25 


H3B03 


10 


2500 


0.3361 


42 


0.612 


2.94 


0.20 


26 


HdB03 


10 


2700 


0.335B 


49 


0.634 


2.81 


0.27 


27 


H3B03 


10 


2900 


0.3357 


62 


0.687 


2.72 


0.31 


26 


H3B03 


10 


3000 


0.3354 


97 


0.726 


2.68 


0.45 
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1 IHJ n 








1 3 


305 


288 


87 


100 


•1 A 


328 


310 


89 


100 


1 D 


339 


318 


88 


100 


1 D 


337 


316 


87 


100 


1 7 


304 


290 


91 


100 


13 


316 


298 


88 


99 


19 


332 


314 


88 


100 


20 


334 


309 


89 


100 


1 1 


309 


290 


88 


100 


22 


320 


302 


87 


99 


23 


343 


320 


90 


100 


24 


341 


322 


91 


100 


25 


303 


288 


87 


100 


28 


318 


301 


88 


99 


27 


333 


310 


88 


100 


28 


326 


300 


88 


100 



[0136] mmt^<Dwm(o v F-r^'^cfei^^ 
[0 13 7] mmsMi>m<. mkmv'-^i^ji^f^ 

[0 13 8] 

i1-S2 Omm. m^2. 3mm) . ^(Om^^ 
[0 13 9]©^^*. &^mSi^^^>^-tLX^V 

mm (ORJ^tc^O ^ tB-r C <b J: 0 ^ff^ L 
[0 140]-:^f, iE®t^. KS»j^'i7AchK®:3yNVV 



30 [0141] in±(ojEmmm. nmrnm^mi^K mmm 

i L. T X ^ U > :^ - - h i - - h CT) 

^1^^ (^*mtbl : 1©^) (CL i BF.^l'^&Jl'/ 

y :7"n \:i'\y>(OT'muimi^^xmmm:=i zymimm 
mBE^ 4 . 2 V i L fcmi^mrnxmcm^m^n^j: ^ 
[0142] ^<D::i^>mmmc^i>xi>. ^Mm<o 
40 [0143] ip-^. ^;voc4(5i^r. # 

0%i/j:0^©f^fc 1 0 0%rJi^L/t. 

CO 14 4] tfc. mmwn(omM$>fc*)(otAm^Mi^ 

[0145] 
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A 


323 


298 


87 


99 


B 


298 


265 


85 


100 


C 


315 


288 


86 


100 


D 


328 


301 


86 


100 



[0 146] 

2500, 2700. 2900. SOOO'Ce— ^ 
[0147] f#6ti/c f V ^::i-i^::^^^(Dm^mm. 

l£6 



[0148] C(0^^(tCLxmmi^ft^'v^:::i-^y^m 

[0149] 
[166] 





dCnm) 


Lc(nm) 


RH 


CTe(E-6^) 


250O 


0.3412 


21 


0.593 


3.58 


270O 


0.3388 


28 


0.427 


3.36 


29 DO 


0.3376 


31 


0.286 


3-20 


3000 


0.3373 


37 


0.234 


3.09 



[0150] c<oj:^i>cLxMmi>fcmmmwsi^^f& 
[0151] msm^^<Dmm<o v^^oa K-t^^Ki^ji^ 30 



[0152] i^fc. c(D^mKmt5-^^ 

[01531 
[^7] 



(C) 






1 US 


1 0 OPS 






2500 


215 


89 


38 


99 


2700 


238 


121 


47 


99 


2900 


251 


165 


59 


100 


3000 


262 


170 


62 


100 



[0 154] 



c 0 1 5 5 ] t/c. *f6B^<D'; ^'yAr.';^mim^n 
?>mm=s:m^\ ^(DMmcomw^mim. mm 
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